INTRODUCTION
In 1976, C. Del'Agnola, an Italian working for the Filippo Fochi Organization in the construction of a cement plant, fortuitously discovered about 100 vertebrate remains in the Hofuf Formation near the Al Jadidah oasis in Saudi Arabia. Late in 1977, H. Thomas conducted a reconnaissance at Al Jadidah with the logistical help of Filippo Fochi, the sponsorship of the Centre National de la Recherche Scientifique. (Paris) and the Centro Studi Ricerche Ligabue (Venice), and the support of the Bureau de Recherches Géologiques et Minières (Orléans) . This motivated the opening of excavations in early 1978, despite very difficult conditions (Thomas et al., 1978 Sen & Thomas, 1979) .
The 1977 and 1978 expeditions resulted in the collection of about 800 vertebrate remains. A preview of the Al Jadidah mammals was published by Thomas et al. (1978) . A report on rodent remains was published slightly later by Sen & Thomas (1979) and a revision of the ctenodactylid material was included in López Antoñanzas & Sen (2004) . The aims of this paper are (1) to provide the first detailed description and determination of a muroid from Al Jadidah and (2) to determine its relationships in the wider frame of the early phylogeny of murines.
MATERIAL AND METHODS
The systematic study presented below is based on the examination of original specimens, casts in the BSPG collection, and data from the literature. The following were examined: original teeth of Democricetodon gracilis (1959 XXVII 493-516, 1959 XXVII 521-549, 1959 XXVII 664-729, 1959 XXVII 738, 1959 XXVII 741, 1959 XXVII 756, 1959 ; casts of Potwarmus primitivus from the YGSP 589 locality, Chinji Formation, Pakistan (YGSP 19546, YGSP 19549, YGSP 19550, YGSP 19551, YGSP 19552, YGSP 19553) , Potwarmus sp. nov. from the Mardah Formation, Jebel Zelten, Libya (MS2-NMPC11, MS2-NMPC12, WS-NMPC1, WS-NMPC2, WS-NMPC3), Potwarmus thailandicus from the Li Basin, Thailand (93 unnumbered specimens), 'Dakkamys' asiaticus from the YGSP 76 (Chinji Formation) and YGSP 259 (lower Nagri Formation) localities of Pakistan (YGSP 19541 and YGSP 19543) , and Primus microps from the Murre Formation, Banda Daud Shah, Pakistan (H-GSP 116 n°135, and other unnumbered specimens from the same locality; de Bruijn, Hussain & Leinders, 1981: pl. 2, figs. 11-18, 20-21) .
The new specimens were described and compared with the equivalent teeth of all the species of Miocene muroids known to date whose characters match those of the 'primitive dendromurids' of Flynn, Jacobs & Lindsay (1985: 606) . These are the species that have specifically a strongly bilobed anterocone and additional lingual cusps on the M1-2s, which make them morphologically very close to the Arabian species. They are the species currently placed in the genera Potwarmus, Dakkamys, Paradakkamys, Vallaris, and some species of 'Myocricetodon' ('Myocricetodon' sivalensis, Myocricetodon eskihisarensis, Myocricetodon afoudensis, and 'Myocricetodon' liui) . Although more distinct, the primitive murines Antemus and Progonomys debruijni were also considered in order to elucidate the relationships of the above-mentioned species with primitive definitive murines. A cladistic analysis of the relationships amongst these species was carried out for the first time. The data matrix was built under Nexus Data Editor (Page, 2001 ) and the analysis was run in PAUP version 4.0b10 (Swofford, 2001 ) using the PaupUp graphical interface (Calendini & Martin, 2005) .
The occlusal measurements (greatest length and greatest width; Table 1) of the teeth of Potwarmus flynni sp. nov. were obtained with a Mitutoyo measuring device. Tooth terminology follows the rodent dental terminology of Freudenthal, Hugueney & Moissenet (1994) , with some adjustments taken from Li (1977) and Jacobs (1978) . Additionally, the term 'new longitudinal crest' applied by Wessels (1996) to the connection of the paracone spur to the hypocone in specimens with a reduced 'normal' longitudinal crest is adopted.
In this paper the name Murinae is used to refer to the most inclusive clade containing Mus musculus but not Gerbillus aegyptius, whereas Gerbillinae designates the most inclusive clade containing Gerbillus aegyptius, but not Mus musculus. Quotation marks around a taxon name denote a generic attribution questioned by the results of the cladistic analysis conducted below.
GEOLOGICAL CONTEXT
Al Jadidah is situated about 35 km north-north-west of Al Hofuf, Hasa district, Saudi Arabia (Fig. 1) . The fossiliferous site is located 1 km west of the road from Al Hofuf to Abqaiq in a vast sandstone plateau.
The Al Jadidah vertebrates are from the Hofuf Formation, from white to yellow sands of variable indurations within a channel complex (Fig. 2) . The fossiliferous horizon is thin, less than 50 cm in thickness, and extends laterally only about 20 m (Thomas et al., 1978; Thomas, 1983) .
The Hofuf Formation overlies the Dam Formation. Using biochronological dating, a Middle Miocene age of about 12-14 Myr has been estimated (Thomas et al., 1978 Thomas, 1982 Thomas, , 1983 . Thomas (1983 Thomas ( , 1984 Thomas ( , 1985 suggested that Al Jadidah could be at the MN6-MN7 boundary, but Sen & Thomas (1979) Holotype: AJ13 (Fig. 3A) , right m1.
Paratypes: AJ7 (Fig. 3B ), left M1; AJ11 (Fig. 3C ), left M2; AJ12 (Fig. 3D) , left M2. All material is housed in the collections of the MNHN.
Type locality: Al Jadidah area (~25°41′ N; 49°29′ E), Saudi Arabia.
Horizon: Hofuf Formation.
Age: Middle Miocene, MN6?
Diagnosis: Species of Potwarmus with relictual or absent 'normal' longitudinal crest; m1 with main cusps arranged in rows, having anterior part very reduced, and posterior cingulum well developed, but lacking hypoconulid; upper molars with posterior main cusps higher than anterior ones; M1 having bilobed anterocone, main cusp-pairs slightly alternating, strong ledge on anterior face of anterocone, and well-developed lingual cingulum bearing enterostyle; M2 having main cusps arranged in rows, prominent anterolabial and lingual cingula, the latter with an enterostyle.
Differential diagnosis:
Differing from Potwarmus primitivus in having the anterior side of m1 much more reduced, the protoconid more anteriorly located, on M1 the enterostyle less prominent, and in lacking metaloph on the M2; distinct from Potwarmus thailandicus in having the anterior part of m1 more reduced and in having a prominent crest located anterior to the anterocone, a less broader valley between the middle and last row of cusps on the M1, and in lacking metaloph on the M2; differing from Potwarmus sp. nov. from Jebel Zelten in having the anterior part strongly reduced and a posterior cingulum without hypoconulid on m1, and a more anteriorly situated enterostyle on M1; distinct from Dakkamys zaiani in lacking a new longitudinal crest, in having an isolated and smaller enterostyle on the upper molars, and the anterior part of the m1 reduced; differing from 'Dakkamys' asiaticus and 'Dakkamys' barryi in lacking anterior arms of lingual and labial cusps on the upper and lower molars, respectively, in having an isolated and small enterostyle on the upper molars, and in having the anterior part of the m1 reduced; distinct from Paradakkamys chinjiensis in having much less prominent and isolated enterostyle on the upper molars, and the anterior part of the m1 reduced; distinct from 'Paradakkamys' ouaichi in having the cusps less alternating and a well-developed longitudinal crest on the M1; differing from 'Paradakkamys' seboui in lacking longitudinal crest, in having the enterostyle isolated on the M1-M2, and the anterior part of the m1 very reduced; distinct from Myocricetodon afoudensis in lacking a new longitudinal crest, a mesoloph, and alternating cusps, and in having an isolated enterostyle; distinct from 'Myocricetodon' sivalensis in lacking the anteroconid and longitudinal crest, and in having the anterior part of the m1 reduced; differing from Myocricetodon eskihisarensis in having a smaller and isolated enterostyle, lacking a paracone spur and longitudinal crest on the upper molars, and in having the anterior part of m1 reduced; distinct from 'Myocricetodon' liui in having a smaller enterostyle on M1, absent metaloph on M2, and the anterior part of the m1 reduced; differing from Vallaris zappai in lacking longitudinal crest, mesoloph, mesolophid, hypoconule, and hypoconulid on the cheek teeth; distinct from Antemus chinjiensis and Progonomys debruijni in lacking the basic murine pattern of three chevrons.
Description m1:
The occlusal outline of this tooth is subrectangular, longer than wide, with its anterior part somewhat rounded and slightly narrower than the posterior one. The longitudinal crest is absent; the main cusps are arranged in rows, forming two rather elevated, oblique, and nearly parallel ridges, which are separated by a transverse valley. These cusps are higher posteriorly. The posterior cusps (entoconidhypoconid) are larger than the anterior ones (metaconid-protoconid). The anterior part of this tooth is strongly reduced, having the anteroconid fused with the low anterior cingulum. The anterior cingulum is long and well developed: its labial branch connects to the anterolabial side of the protoconid, whereas the lingual one reaches the lingual side of the tooth. This tooth has a minute ectostylid as well as an incipient mesostylid. The posterior cingulum is well developed but lacks the hypoconulid; it reaches the posterolingual side of the entoconid, enclosing a rather shallow, but large, posterolingual valley. Its labial branch reaches the base of the hypoconid. Two roots are present. The absolute as well as relative size (LM1/Lm1 ratio) of this tooth is well within the range shown by all the species of Potwarmus known so far (Jaeger, Tong & Buffetaut, 1985; Lindsay, 1988; Wessels et al., 2003) .
M1:
On this tooth the posterior cusps are higher than the anterior ones (the metacone-hypocone are higher than the paracone-protocone and the latter are, in turn, higher than the anterocone). The occlusal outline is longer than wide with the greatest width near the mid-length. The large anterocone is clearly divided into two asymmetric lobes: the labial one is larger than the lingual one. They are separated by a Figure 2 . Stratigraphical section of the Al Jadidah site (data after Thomas et al., 1978: 70) . FIRST POTWARMUS FROM THE ARABIAN MIOCENE 667 relatively deep groove. There is a prominent ridge anterior to the anterocone. The anterolophule is lacking and there is a deep transversal valley separating the anterocone from the paracone-protocone. The anterior cingulum is swollen lingually as an incipient anterostyle: it descends lingually, joining with the strong lingual cingulum. This cingulum is continuous around the protocone to connect to the small enterostyle near the base of the hypocone. The enterostyle is isolated from both lingual cusps. This tooth has an incipient cusp close to the anterolabial base of the paracone. The short protoloph is narrow and joins the paracone with the posterior part of the protocone. The hypocone is fused with the metacone and with the posterior cingulum, an enamel funnel remaining in the centre. The lingual main cusps (protocone and hypocone) are situated slightly anteriorly with respect to the labial ones, and the protocone is slightly more lingually located than the hypocone. The separation between the protocone and the hypocone is less marked than between the paracone and the metacone: this manifests itself as a relict of the longitudinal crest. Posterior sulcus and posterosinus are lacking. This tooth has three roots.
M2:
These teeth have the occlusal outline subrectangular, longer than wide, with the posterior part rounded. The posterior main cusps are higher than the anterior ones. The anterior cingulum is low and strong, with both branches well developed. The labial branch is longer than the lingual one, and reaches the anterolabial base of the paracone, enclosing a low anterolabial valley. The lingual branch is interrupted before reaching the anterolingual base of the protocone. The weak anterolophule connects the anterior cingulum with the protocone. These teeth lack the longitudinal crest (AJ11) or show a relict of it (AJ12). The anterior cusps are separated from the posterior ones by a narrow and relatively deep transversal valley. This valley has its labial part shallower than the lingual side. The paracone is fused with the anterior part of the protocone. The metacone joins with the posterior cingulum, but not with the hypocone, from which it is isolated. These teeth lack a labial cingulum, and have a very short lingual cingulum that bears a small and isolated enterostyle. They have three roots.
COMPARISONS POTWARMUS LINDSAY, 1988

POTWARMUS PRIMITIVUS (WESSELS ET AL., 1982)
Synonym: Potwarmus minimus Lindsay, 1988 . Wessels et al. (1982 erected the new species Antemus primitivus on the basis of eight complete and seven incomplete isolated cheek teeth from the Chinji Formation (near Banda Daud Shah), Pakistan. They assigned this taxon to the genus Antemus. Later, Jacobs et al. (1989) excluded this species from the genus Antemus because it has a single lingual cusp on the M1 (the enterostyle), whereas A. chinjiensis (type species of the genus) has two (an isolated enterostyle and an anterostyle, t1, connected to the lingual anterocone, t2). The reassessment conducted by Jacobs et al. (1989) (Lindsay, 1988: pl. 10, fig. l ). This species was said to be also recorded in Pakistan, in the Middle Miocene locality YGSP 642 in the Kamlial Formation and, possibly, in some HGSP localities in the Chinji Formation at Banda Daud Shah (Lindsay, 1988) . However, based on analysis of a larger sample from a single locality, Lindsay (1994) The holotype of this species (H-GSP 5521) is a right M1 from Chinji locality H-GSP 107, which is possibly Middle Miocene in age (Wessels et al., 1982) . The morphology of the first lower molar of Potwarmus primitivus is very distinct from P. flynni sp. nov. The m1s of P. primitivus have an unreduced anterior portion: they have a distinct single anteroconid and a metaconid, which are not distinct in P. flynni sp. nov. Potwarmus primitivus has a larger enterostyle and a better developed longitudinal crest on the M1s than AJ7. On the M2s of P. primitivus, the longitudinal crest is also better developed than in the Arabian specimens and, the strong, long lingual branch of the anterior cingulum descends lingually continuing posteriorly as a prominent lingual cingulum. In contrast, these cingula are less prominent, much shorter and not in continuity both in AJ11 and AJ12. In addition, the hypocone joins with the metacone more anteriorly on the M2 of P. primitivus than in P. flynni sp. nov. (JAEGER ET AL., 1985) This species was originally erected as Antemus thailandicus on the basis of five cheek teeth. The holotype of this species is a left first upper molar (L84-6, housed in DMRB) from the Middle Miocene (Chaimanee et al., 2007) Li vertebrate locality of the Mae Long Sub-Basin, Li Basin, northern Thailand (Jaeger et al., 1985: pl I, fig. b ). Lindsay (1988) pointed out that 'A.' thailandicus is closely related to Potwarmus primitivus and, for this reason, he transferred it to the genus Potwarmus. As for 'A.' primitivus (see above), Jacobs et al. (1989) excluded this species from the genus Antemus based on the presence of two lingual cusps on the M1s of A. chinjiensis and the absence of one of them (the anterostyle) in 'A.' thailandicus.
POTWARMUS THAILANDICUS
From the Li basin, about 300 additional specimens of this taxon have been reported by Mein & Ginsburg (1985) , but unfortunately no description of this material is available. However, the BSPG houses casts of numerous specimens, which allows comparison of the new Arabian species with Potwarmus thailandicus.
The M1s of Potwarmus thailandicus differ from AJ7 in being higher crowned, in lacking a prominent crest located anterior to the anterocone, in having more prominent lingual cingula, a larger enterostyle, and the protoloph joining with the posterior part of the protocone (it joins the posterior arm of the protocone in AJ7). With regard to the M2s, those of P. thailandicus have a very strong anterior cingulum, which is in continuity with the prominent lingual cingulum whereas in the Arabian specimens the anterior cingulum is less strong and it is not in connection with the lingual cingulum, which is very short. In addition, the M2s of P. thailandicus have a quite large enterostyle, a rather deep posterior valley, and a posterior cingulum that bears a hypoconule. In P. flynni sp. nov., the enterostyle is smaller, and there is neither a posterior valley nor a hypoconule. The m1s of P. thailandicus are distinct from that of P. flynni sp. nov., in being higher crowned, in having the anterior part of the teeth less reduced, in having strong anterior and labial cingula that are in continuity, and a posterior cingulum bearing an hypoconulid. AJ13 has a very weak labial cingulum that is not continuous with the labial branch of the anterior cingulum.
de Bruijn & Hussain (1984) reported a primitive species of Antemus from locality 81.14 (Lower Manchar Formation, Sehwan Sharif, Pakistan). According to them, this species would be more archaic than 'A.' primitivus from the Chinji Formation near Banda Daud Shah. Mein & Ginsburg (1985) pointed out that the description of this material could correspond to 'A.' thailandicus. However, according to the description provided by de Bruijn & Hussain (1984) , the four known M2s of this species of Antemus lack the enterostyle (t4). As the latter is present in most M2s of 'A.' thailandicus, the species reported by de Bruijn & Hussain (1984) is unlikely to be 'A.' thailandicus. POTWARMUS SP. NOV. FROM JEBEL ZELTEN WESSELS, FEJFAR, PELÁEZ-CAMPOMANES, VAN DER MEULEN & DE BRUIJN, 2003 This species was described, but not named, by Wessels et al. (2003) on the basis of five cheek teeth (3M1s, 1M2, and 1m1) and three incisors (2i, and 1I) from the early Middle Miocene localities of 'Measured Section 2' (MS2) and Wádí Shatirát (WS), Mardah Formation, Jebel Zelten, Libya. The morphology of this species is close to that of the Arabian species, but it differs in some characters. For instance, the M1s of Potwarmus sp. nov. from Jebel Zelten have a stronger lingual cingulum, a larger enterostyle, a less prominent precingulum (sensu Jacobs et al., 1989) , and less alternate cusps than AJ7. The M2 of Potwarmus sp. nov. from Jebel Zelten has a very long and strong lingual cingulum, whereas it is short and less prominent in AJ11 and AJ12. With regard to the m1, although the Libyan specimen is damaged and worn on its anterior part, it is less reduced than AJ13.
This species was erected by Jaeger (1977a) on the basis of 93 isolated cheek teeth, a fragment of mandible, and a piece of maxilla. The holotype is the latter specimen with M1-M2 (C.BR. 793) from the Middle Miocene of Beni Mellal, Morocco. This material is housed at the SGM. As for other species mentioned below ('Paradakkamys' seboui and 'P.' ouaichi), there appears to be an inaccuracy of the specific epithet: zaianensis rather than zaiani would have been expected if the species is dedicated to the Zaian country.
The M1 of Dakkamys zaiani differs from AJ7 in having a new longitudinal crest and an enterostyle connected to the posterior arm of the protocone by a low ridge. In contrast, AJ7 shows only a relict of a 'normal' longitudinal crest and an enterostyle that does not connect to the posterior arm of the protocone. With regard to the M2, one of the differences between D. zaiani and AJ11 and AJ12 is the presence of an enterostyle joined with the posterior arm of the protocone in the former, whereas it is isolated in the Arabian specimens. The morphology of the m1 of D. zaiani is very distinct from that of AJ13: the former has the anterior part of the tooth unreduced, a welldeveloped single anteroconid, and a longitudinal crest, which are absent in AJ13.
'DAKKAMYS' ASIATICUS LINDSAY, 1988 This species was erected by Lindsay (1988) on the basis of seven isolated cheek teeth from the Middle FIRST POTWARMUS FROM THE ARABIAN MIOCENE 669
Miocene localities YGSP 76 (Chinji Formation), YGSP 259 (lower Nagri Formation), and Pakistan Museum of Natural History locality JAL-101, 2 km north-east of Jalalpur village, Potwar Plateau, Pakistan. Recently, additional material has also been recorded in Pakistan from the lower Nagri Formation at locality Y797 (Flynn & Morgan, 2005) . The holotype (YGSP 19541 ) is an isolated left M1 from locality YGSP 76 (Lindsay, 1988: pl. 9 , fig. a) .
Although the morphology of the M1 of 'Dakkamys' asiaticus is close to that of AJ7, there are some differences. For instance, in the M1 of 'D.' asiaticus, the enterostyle is connected to the posterior side of the protocone and it is much larger than the isolated enterostyle of AJ7. In addition, the M1 of 'D.' asiaticus has a strong and long anterior arm of the protocone, and lacks an anterior cingulum, whereas the Arabian specimen has only a relict of the anterior arm of the protocone, and has an anterior cingulum. The M2s of 'D.' asiaticus are distinct from AJ11 and AJ12 in having a very large enterostyle connected to the posterior side of the protocone, whereas it is much smaller and isolated in the Arabian specimens. Furthermore, the M2s of 'D.' asiaticus lack the lingual anterior cingulum, and have long and well-developed anterior arms of the lingual cusps. AJ11 and AJ12 have a well-developed anterior lingual cingulum and lack the anterior arms of the lingual cusps. The m1 of 'D.' asiaticus has a single-cusped anteroconid, and high and long anterior arms of the labial cusps, which are lacking in AJ13.
PARADAKKAMYS LINDSAY, 1988
PARADAKKAMYS CHINJIENSIS LINDSAY, 1988 This species was erected by Lindsay (1988) on the basis of 23 isolated cheek teeth from the Middle Miocene localities YGSP 76, YGSP 491, YGSP 504, YGSP 634, YGSP 636, and YGSP 726 in the Chinji Formation, and from the early Late Miocene YGSP 259 locality in the Nagri Formation, Potwar Plateau, Pakistan. Additional material has been found in the Nagri Formation at locality Y797 (Flynn & Morgan, 2005) . The holotype (YGSP 24656) of this species is an isolated right M1 from locality YGSP 76 (Lindsay, 1988: pl. 8, fig. h ). Wessels (1996) suggested that this species should be re-allocated to Myocricetodon because, in particular, of its resemblance to Myocricetodon eskihisarensis. However, the phylogenetic study below corroborates the validity of Paradakkamys.
The M1s of Paradakkamys chinjiensis have a prominent enterostyle connected to the posterior side of the protocone, a paracone with a small posteriorly directed spur, a long anterior arm of the protocone joined with the anterocone near its midpoint, and a short lingual cingulum. In AJ7 the enterostyle is small and isolated, the spur of the paracone is lacking, the anterior arm of the protocone is only a relict, and the lingual cingulum is long. On the M2 of Pa. chinjiensis the enterostyle is small, but connected to the posterior side of the protocone by a short loph, and the lingual anterior cingulum is normally absent. In AJ11 and AJ12, the enterostyle is isolated and the lingual anterior cingulum is strong. The m1s of P. chinjiensis are not reduced anteriorly: they show a well-developed anteroconid, a large ectostylid, short anterior arms of the labial cusps, and a labial cingulum. In contrast, the anteroconid, the anterior arms of the labial cusps, and the labial cingulum are lacking in AJ13, and it has a minute ectostylid.
VALLARIS WESSELS ET AL., 2001
VALLARIS ZAPPAI WESSELS ET AL., 2001
This species was erected by Wessels et al. (2001) on the basis of 459 molars, 19 maxillary fragments, and 29 mandible fragments from the lower Miocene Keseköy locality, Turkey. The holotype of Vallaris zappai is a right M1 (KE 2093).
The M1s of Vallaris zappai differ from AJ7 in usually having a short mesoloph, a well-developed anterolophule, an anteriorly weak, but distinct, longitudinal crest, and a posterior cingulum, which has a short lingual branch and bears a hypoconule. The Arabian specimen lacks the mesoloph, the lingual branch of the posterior cingulum, and the hypoconule, and both the anterolophule and longitudinal crest are indistinct. The M2s of V. zappai are distinct from AJ11 and AJ12, for instance, in having a mesoloph, a well-developed longitudinal crest, alternate cusps, a prominent anterolophule, a better developed lingual branch of the anterior cingulum, and long protoloph and metaloph. The morphology of the m1 of V. zappai is also very different from that of AJ13. Vallaris zappai has the anterior part of the m1 unreduced, showing a distinct anteroconid, a mesolophid, alternate cusps, a complete longitudinal crest, long anterolophulid, protolophid and hypolophid, and a posterior cingulum that bears a large hypoconulid.
SPECIES UNDIFFERENTIATED AT THE GENERIC LEVEL 'PARADAKKAMYS' SEBOUI (JAEGER, 1977B)
Jaeger (1977b) erected this species on the basis of 18 upper molars and 12 lower molars from the early Late Miocene site of Oued Zra, middle-Atlas, Morocco. The holotype (OZ-20) is a left M2 housed at the SGM. It was originally placed in the genus Myocricetodon, but was later allocated to the genus Dakkamys by Lindsay (1988) and to Paradakkamys by Tong & Jaeger (1993) . None of these allocations are confirmed by the cladistic analysis (see below). The M1 of 'Paradakkamys' seboui differs from AJ7 in having a well-developed longitudinal crest and an enterostyle that joins the posterior side of the protocone. The M2 of 'P.' seboui has the anterior arm of the hypocone connected to the posterior arm of the paracone, forming a new longitudinal crest, and a small enterostyle joined with the posterior arm of the protocone. In contrast, AJ11 and AJ12 lack a new longitudinal crest and show an isolated small enterostyle. The morphology of the m1 of 'P.' seboui is also very different from that of AJ13 in lacking the strong reduction of the anterior part of the tooth and in having a well-developed longitudinal crest, which is lacking in the Arabian specimen.
'PARADAKKAMYS' OUAICHI (JAEGER, 1977B) The holotype and single specimen (KO-8, housed at SGM) of 'Paradakkamys' ouaichi is a left M1 from the Late Miocene site of Khendek-el-Ouaich, Morocco. As for 'P.' seboui, this species was transferred from Myocricetodon to Dakkamys (Lindsay, 1988) and then to Paradakkamys (Tong & Jaeger, 1993) . None of these re-assignments are supported by the cladistic analysis conducted below, which suggests that 'P.' ouaichi is more closely related to Myocricetodon cherifiensis than to Dakkamys zaiani and Paradakkamys chinjiensis.
Some of the differences between 'Paradakkamys' ouaichi and AJ7 are the presence of strongly alternating cusps, a well-developed longitudinal crest, and the absence of a ridge anterior to the anterocone.
MYOCRICETODON ESKIHISARENSIS WESSELS, ÜNAY,
AND TOBIEN, 1987 The holotype of this species (ME 1977) is a M1 from the late Middle Miocene Yeni Eskihisar locality (Turkey). It is housed in the MTA. Further material of this species has been found from the Late Miocene 64, 65, 4, 8A (Sen, 2003) , and Sariçay (Ünay, de Bruijn & Saraç, 2003) localities (Sinap Formation, Turkey). This taxon was originally placed in the genus Myocricetodon, but it is uncertain whether or not it is a close relative of the type species of Myocricetodon, Myocricetodon cherifiensis.
The M1s of Myocricetodon eskihisarensis differ from AJ7 in lacking the anterior cingulum, in having a large paracone spur, a prominent enterostyle connected to the protocone, and in often having a new longitudinal crest. In contrast, AJ7 has a welldeveloped anterior cingulum, an isolated and small enterostyle, and has neither a longitudinal crest nor a paracone spur. The M2 of M. eskihisarensis has a small additional cusp on its most labial border, the lingual branch of the anterior cingulum weaker than the labial one, a paracone spur, and a large enterostyle, which connects to the protocone in some specimens. In contrast, AJ11 and AJ12 lack the additional anterolabial cusp and the spur of the paracone, both branches of the anterior cingulum are prominent, and they have a small and isolated enterostyle. The m1 of M. eskihisarensis differs from AJ13 in being unreduced anteriorly, in showing a well-developed anteroconid, and in having a complete longitudinal crest.
'DAKKAMYS' BARRYI LINDSAY, 1988 This species was erected on the basis of one mandible, three maxillary fragments, and two isolated cheek teeth from the Middle Miocene localities YGSP 491 and YGSP 726 in the Chinji Formation, Potwar Plateau, Pakistan. The holotype (YGSP 24717) is a right fragmentary maxilla with M1-M3 from locality YGSP 726 (Lindsay, 1988: pl. 9, fig. f ). The cladistic analysis (see below) suggests that the generic allocation of this species is unjustified: this taxon should receive a new generic designation.
The M1s of 'Dakkamys' barryi have a very large enterostyle that joins with the posterior side of the protocone, and long anterior arms of the lingual cusps. In contrast, AJ7 shows an isolated and small enterostyle and lacks anterior arms of the protocone and hypocone. The M2s of 'D.' barryi differ from AJ11 and AJ12 in having long anterior arms of lingual cusps (they are absent in the Arabian species). Finally, the m1 of 'D.' barryi shows a well-developed anteroconid, which is lacking on AJ13.
'MYOCRICETODON' SIVALENSIS LINDSAY, 1988 'Myocricetodon' sivalensis was erected by Lindsay (1988) on the basis of 36 isolated cheek teeth from the Middle Miocene localities YGSP 591 and YGSP 592, Kamlial Formation, Potwar Plateau, Pakistan. Additional material of this species has been recorded from the Middle Miocene localities H-GSP 81.14a, H-GSP 81.14, H-GSP 82.27, and H-GSP 82.24 of the Lower Manchar Formation, Sind, Pakistan (Wessels, 1996) . 'M.' sivalensis does not fit the diagnosis of Myocricetodon as emended by Jaeger (1977b) , and according to Tong & Jaeger (1993) and the results of the cladistic analysis conducted below, the assignment of this species to the genus Myocricetodon should be rejected.
The M1s of 'Myocricetodon' sivalensis are distinct from AJ7 in having a short, anteriorly weak, but distinct, straight longitudinal crest and an anterolophule. The enterostyle is lacking in most of specimens of 'M.' sivalensis, but as only one specimen of Potwarmus flynni sp. nov. is available, the significance of this difference cannot be assessed. The M2 of 'M.' sivalensis has the lingual branch of the anterior cingulum connected to the enterostyle or to the base of the hypocone, FIRST POTWARMUS FROM THE ARABIAN MIOCENE 671 and shows a short and anteriorly weak longitudinal crest. In contrast, in AJ11 and AJ12 the longitudinal crest is completely absent or relictual, and the lingual branch of the anterior cingulum is short and interrupted before reaching the base of the protocone. The m1 of 'M.' sivalensis differs from AJ13 in having a longitudinal crest, the anterior part of the tooth unreduced, possessing an anteroconid, and having a posterior cingulum that bears a large hypoconulid. In contrast, AJ13 has its anterior part very reduced and lacks an anteroconid, longitudinal crest, and hypoconulid. (BENAMMI, 2001) This species was erected on the basis of five upper molars and a single second lower molar (Benammi, 2001) . The holotype of this species (AF6-47) is a right M1 from the Late Miocene site of Afoud 6, Aït Kandoula Formation, Aït Kandoula Basin, Morocco. This species was originally placed in the genus Myocricetodon, but it is uncertain how close a relative of the type-species of Myocricetodon, Myocricetodon cherifiensis, it is.
MYOCRICETODON AFOUDENSIS
The morphology of the teeth of 'Myocricetodon' afoudensis differs greatly from that of Po. flynni sp. nov. The M1s of 'M.' afoudensis have a mesoloph, a new longitudinal crest, strongly alternating main cusps, and a large enterostyle that joins the protocone. AJ7 has a relict of a 'normal' longitudinal crest, the main cusps are slightly alternating, the enterostyle isolated, and lacks the mesoloph. The M2s of 'M.' afoudensis have a new longitudinal crest (absent on AJ11 and AJ12) and a large enterostyle connected to the protocone (smaller and isolated in the Arabian specimens).
'MYOCRICETODON' LIUI QIU, ZHENG & ZHANG, 2004 This species was erected on the basis of five isolated teeth from locality 12, Lantian County, Shaanxi Province, China. This locality documents the earliest fauna of the Bahe Formation (Zhaoqun, Flynn & Qiu, 2005) , which corresponds with an age of about 11 Mya (Kaakinen et al., 2005) . The holotype (V14036) is a right M1 (Qiu et al., 2004: fig. 4 ). This species groups close to Antemus (see below), the most primitive definite murine, and has, therefore, no close relationship with Myocricetodon cherifiensis. It should definitely receive a new generic designation.
The M1 of 'Myocricetodon' liui has a more anteriorly located and stronger enterostyle than AJ7. On the M2 of 'M.' liui, the lingual anterior cingulum is weaker than on AJ11 and AJ12, and the metacone is connected to the anterior side of the hypocone by a metaloph. On the Arabian specimens the metaloph is absent. The morphology of the m1 of 'M.' liui is very different from that of AJ13 in having a well-developed anteroconid and a complete longitudinal crest. JACOBS, 1977 This species was erected by Jacobs (1977) on the basis of four isolated cheek teeth (2M1, 1M2, 1m2) . The holotype is a right M1 (YGSP 7649) from the Middle Miocene YGSP locality 41, Chinji Formation, Punjab, Pakistan (Jacobs, 1977) . More specimens of this taxon have been also collected in Pakistan in the Chinji Formation at Middle Miocene YGSP localities 430 (close to locality 41) and 491 (near the village of Kamlial) (Jacobs et al., 1989) , at locality PMNH 8608 (Dhok Tahlian area) (Cheema, Raza & Rajpar, 1996) , and at locality H-GSP 107, near Banda Daud Shah (Wessels et al., 1982) .
ANTEMUS JACOBS, 1977
ANTEMUS CHINJIENSIS
The cheek teeth of this taxon are larger than those of Potwarmus flynni sp. nov., and their morphology is also very different. The M1 of Antemus chinjiensis shows the basic murine pattern of three chevrons. The first one is formed by the connection of three cusps (anterostyle, lingual and labial anterocones), the second one includes a large isolated enterostyle, and connected paracone and metacone, and the third one has two cusps (hypocone and metacone) with no trace of posterostyle. In contrast, AJ7 has a much smaller anterocone and enterostyle, the cusps are more alternate, and it lacks a well-developed anterostyle. The M2 of A. chinjiensis is also very different, having a labial anterocone, a very large enterostyle, and a metacone connected to the hypocone. In AJ7, the labial anterocone is lacking, the enterostyle is small, and the metacone joins with the posterior cingulum, but not with the hypocone. The m1 of A. chinjiensis is less reduced than AJ13, having a bilobed anteroconid separated by a deep furrow. Labial accessory cusps may be present in A. chinjiensis whereas they are absent in AJ13.
PROGONOMYS SCHAUB, 1938
PROGONOMYS DEBRUIJNI JACOBS, 1978 This species was erected by Jacobs (1978) on the basis of 50 isolated teeth from the Late Miocene YGSP locality 182A, Dhok Pathan Formation, Punjab, Pakistan. The holotype (YGSP 7739, Jacobs, 1978: figs. 15-17) is a left M1. The morphology of the teeth of Progonomys debruijni is very different from that of Potwarmus flynni sp. nov. The M1 of Pr. debruijni shows the basic murine pattern of three chevrons, lacking in AJ-7, which has a much smaller anterocone and enterostyle, the cusps more alternate, and lacks a well-developed anterostyle. The M2s of P. debruijni are also very distinct, having a prominent antero-style, which is lacking in AJ11 and AJ12, and a large enterostyle connected to the protocone, which is smaller and isolated in AJ11 and AJ12. The m1 of P. debruijni differs from AJ13, for example, in having a well-developed bilobed anteroconid with a central X-shaped connection pattern, and a variable number of cingular cusps (absent in AJ13).
SYSTEMATICS AND PHYLOGENY
Despite its crucial importance in the evolution of rodents the phylogeny of fossil muroids remains poorly known. This is especially true for the taxa more basal than typical murines (i.e. Antemus and more derived taxa), which so far have virtually not been studied by the means of elaborate cladistic investigations. Such an analysis is conducted below. Its aim is primarily to clarify the relationships between the so-called 'primitive dendromurids' of Flynn et al. (1985: 606) , which include the new species from Al-Jadidah. The 'primitive dendromurids' are an informal grouping that includes in particular the species of the genus Myocricetodon that were thought to be on the Murinae lineage (Flynn et al., 1985) .
Therefore, the ingroup includes those primitive muroid rodents that have a strongly bilobed anterocone on M1, lingual cusp on M1-2 and, as the case may be, some degree of reduction of the longitudinal crest: Vallaris zappai, Potwarmus primitivus, P. thailandicus, Potwarmus sp. nov. from Jebel Zelten, P. flynni sp. nov.,
Two primitive uncontroversial murids (Antemus chinjiensis and Progonomys debruijni) were added as well as Primus microps (considered in or close to the ancestry of Antemus by de Bruijn et al., 1981) and Myocricetodon cherifiensis (type species of the genus). Democricetodon gracilis (a stem cricetodontine) was chosen as outgroup.
A total of 52 phylogenetically informative dental characters was coded ( Fig. 4 ; Appendices S1, S2). From these, 28 are binary and the others are multistate. Amongst the latter, six have three derived states. As a result of the lack of a priori information, the weight of all characters was chosen to be identical (1). For the same reason, multistate characters were unordered and, therefore, all the possible transformations of one state into another cost one step. The data matrix was analysed using the Stepwise-Addition Option, with 'Closest' addition sequence. Twelve trees were generated with a length of 151 and an average degree of homoplasy (consistency index = 0.5166 and retention index = 0.6473). The strict and semi-strict consensus trees, on the one hand, and the Adams and 50% majority rule ones, on the other hand, are identical and largely resolved (Fig. 5) .
Primus microps appears as the basalmost taxon, which reveals it is quite far from being a direct precursor of Antemus. Vallaris zappai is a bit more derived, but not in the murine lineage either. It shares with more derived taxa the presence of an 674 R. LÓPEZ ANTOÑANZAS enterostyle on the M1. In fact, the topology is characterized by two important clades, which are united by the presence of a bilobed anterocone and the lost of the mesoloph on the M1. One of these clades is the lineage that Myocricetodon cherifiensis belongs to. As this taxon is thought to be close to the origin of gerbils (Jaeger, 1977b) , this clade provides us with details on the origin of this important group of rodents. The reduction of the M3 is one of its synapomorphies. The other lineage is characterized, inter alia, by the presence of an enterostyle on the M3 and by the reduction or loss of the longitudinal crest. Interestingly enough, the longitudinal crest will homoplastically disappear in derived gerbillines (e.g. Jaeger et al., 1985) . This lineage includes Potwarmus spp., Myocricetodon liui, and Antemus chinjiensis and Progonomys debruijni (as sister species) and hence, is the evolutionary sequence leading eventually to mice. Both the latter species bear a true t1 on the M1 and a bilobed anteroconid on the m1, whose developments took place~14 million years ago (Mya). The abovedescribed topology is highly reminiscent of the tentative, noncladistic phylogeny proposed by Tong & Jaeger (1993) . A minor difference shown by the present phylogenetic tree is the basal nesting of 'Myocricetodon' sivalensis in the gerbilline lineage, rather than before the gerbillin-murin split.
The species of Potwarmus form a monophyletic group, whose unambiguous synapomorphies at its basal node are listed in Table 2 . This node is supported with a Bremer Index over 3, which makes it the most robust node of the cladogram together with that uniting Vallaris zappai and all more derived taxa and that connecting Antemus chinjiensis with Progonomys debruijni. Potwarmus flynni sp. nov. is the sisterspecies of Potwarmus primitivus. These two taxa form the sister group of Potwarmus sp. nov. from Jebel Zelten. All these species are more derived than P. primitivus (type species of the genus). Potwarmus flynni sp. nov. can therefore be considered definitely a member of this genus.
The monophyly of Dakkamys, as currently understood, is unlikely, 'Dakkamys' asiaticus and, especially, 'D.' barryi being probably from derived gerbillines than D. zaiani, the type species of the genus. The re-allocation of 'D.' barryi to Paradakkamys (Tong & Jaeger, 1993 ) is unsupported as well. In fact, only the type species of Paradakkamys can justifiably be assigned to this genus. The present analysis does not much resolve the relationships amongst 'Paradakkamys' seboui, 'P.' ouaichi, Myocricetodon cherifiensis, M. eskihisarensis, and 'M.' afoudensis. M. cherifiensis may be closer to 'Pa.' ouaichi than to the other species, which is in contrast with noncladistic hypotheses (Jaeger, 1977b; Benammi, 2001) , but this remains to be confirmed.
In current usage, Myocricetodon is definitely nonmonophyletic (as suggested by previous authors such as Flynn et al., 1985 , 2003 , Tong & Jaeger, 1993 , and de Bruijn, 1999 and so is the tribe Myocricedontini sensu McKenna & Bell (1997) . Contrary to several authors (Wessels et al., 1982; Jaeger et al., 1985; Mein & Ginsburg, 1985; Lindsay, 1988; Tong & Jaeger, 1993; Jacobs & Downs, 1994) , the analysis suggests that it is improbable that a species of Potwarmus (which was at first not considered distinct from Antemus) is a direct ancestor of Antemus chinjiensis. In fact, 'Myocricetodon' liui is closer to Antemus and Progonomys and, thereby, to more derived murids than Potwarmus.
Once temporally calibrated, the present phylogeny suggests that the murine-gerbilline divergence occurred around 19 Mya (Fig. 6 ). This is significantly older than the estimate of Tong & Jaeger (1993: fig. 6 ) based on palaeontological data (~16 Mya). Nevertheless, this is in complete accordance with the estimation of Michaux, Reyes & Catzeflis (2001: table 3 ) based on molecular data (~19 Mya). Steppan, Adkins & Anderson (2004: table 4 ) using also gene data estimated the same divergence at about 21.5 Mya based on a concatenation of gene regions, but at about 20 Mya on the basis of the growth hormone receptor gene alone.
As Antemus chinjiensis is known only in the Miocene of Asia as are 'Myocricetodon' liui, and Potwarmus thailandicus, the topology of the tree strongly reinforces the idea that murines are deeply rooted in Asia. The same is true for the sister group (Fig. 6) . The gerbilline crown-group is supposed to have sister-group relationships with Myocricetodon irhoudi or other supposedly close species from North Africa and Western Europe (e.g. Jaeger, 1977b; Tong, 1986 Tong, , 1989 Benammi, 2001 ).
CONCLUSION
In conclusion, Potwarmus spp. form a monophyletic group that nests as an early dead-end offshoot of the murine lineage. Therefore, Potwarmus spp. is only distantly related to most species of Myocricetodon (exclusive of 'M.' liui) and all the species currently assigned to Dakkamys and Paradakkamys, which are closer to gerbils. From a taxonomic point of view, it must be underlined that, at present, Dakkamys is paraphyletic, whereas Myocricetodon is clearly polyphyletic. Paradakkamys is also nonmonophyletic. This identifies a need for new generic names for a number of species such as 'M.' liui, 'D.' barryi, and 'P.' ouaichi. The introduction of new names is, however, beyond the scope of this study. Because of its palaeogeographic position, the Arabian Peninsula is of the utmost importance for our understanding of faunal exchange between Africa and Eurasia. This is especially true for the Miocene when land bridges connecting Afro-Arabia and Eurasia formed, which had considerable consequence on subsequent mammalian evolution. The genus Potwarmus is one of these taxa that took advantage of the tectonic collision to spread to another continent.
The representative of this genus that is present in the Middle Miocene of Saudi Arabia is the sister species of Potwarmus primitivus from roughly coeval horizons in southern Asia. It demonstrates that the taxon crossed what is now the Arabian Peninsula and its intrarelationships suggest that it did it very early (~18.5 Mya), possibly at the very beginning of the contact of the Afro-Arabian plate with Eurasia . Interestingly enough, the Afroarabian record of Potwarmus is presently restricted to a handful of isolated teeth and no specimen is known further west and south than Libya in Africa, though sampling of some countries of this zone (e.g. Morocco) is relatively good.
